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Description 



[DUMMY PROCESS AND POLISHING-PAD 
CONDITIONING PROCESS FOR CHEMICAL 
MECHANICAL POLISHING APPARATUS] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93102263, filed February 2, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention generally relates to a chemical me- 
chanical polishing (CMP) process, and more particularly to 
a dummy process and a polishing-pad conditioning pro- 
cess suitable for a CMP apparatus. 

[0004] Description of Related Art 

[0005] With continuous reduction in size of semiconductor de- 
vices, resolution of photolithographic exposure in semi- 
conductor fabrication processes has been enhanced, and 
consequently, with decrease of depth-of-focus of expo- 



sure, requirements on smoothness of the surface of 
wafers has accordingly become more stringent. Typically, 
planarization of wafers is usually accomplished in a CMP 
process. CMP process have a distinctive feature of 
anisotropic polishing and thus is suitable not only for pla- 
narization on outer surface of wafers but also for fabrica- 
tion of inlay structures of metal interconnects, shallow 
trench isolation, micro-mechanical and electrical systems, 
and plane monitors. 
[0006] In a CMP process, a wafer is usually fixed on a polishing 
head with the surface of the wafer to be polished facing 
the rotating polishing pad. Next, polishing slurry consist- 
ing of abrasive particles and chemical agents is provided 
on the polishing pad. Next, the polishing head is then 
made to come in contact with the wafer surface, and a 
suitable pressure is applied onto the wafer to press the 
wafer firmly on the polishing pad. The polishing of the 
wafer surface effected by the chemical reactions between 
the wafer surface and the polishing slurry and the me- 
chanical abrasive action between wafer surface, the abra- 
sive particles of the polishing slurry and the polishing 
pad. Thus, a CMP process to obtain a planar surface with 
smooth topography. 



[0007] PIG I shows relative position and interaction between a 
polishing head and wafer in a conventional CMP process. 
Typically, a conventional polishing head 100 includes a 
protective hood 102, a base 104, a retaining ring 106, 
and a wafer supporting assembly 108. The base 104 is 
below the protective hood 102, the wafer supporting as- 
sembly 108 is below the base 104, and the retaining ring 
106 is fixed around the rim of the base 104. Wherein, a 
wafer supporting assembly 108 includes a supporting 
board 110 and a membrane 112 connecting the support- 
ing board 110, while the membrane 112 connects with 
and extends under the supporting board 110 to provide 
an attaching surface 114 for the wafer 10. 

[0008] During the CMP process, a wafer 10 is placed under the 
attaching surface 114 and a pressure is applied onto the 
base 104 so that the wafer supporting assembly 108 
moves down to firmly contact with the wafer 10. Next, the 
wafer 10 held by the polishing head 100 is moved onto a 
surface of the polishing pad 122 attached to a polishing 
table 120. Next, the wafer and the polishing pad are ro- 
tated relative each other such that the wafer is held 
against the surface of the polishing pad under pressure. In 
other words, the hollow chamber 116 between the base 



104 and the wafer supporting assembly 108 is under 
pressure, and consequently, an upward force 132 is ap- 
plied onto the base 104 and a downward force 134 is ap- 
plied onto the wafer supporting assembly 108. Hence, the 
downward force 134 on the wafer supporting assembly 
108 will press the wafer 10 onto the polishing pad 122. 
Then, the polishing table 120 can be rotated relative to 
the polishing head 100 for planarizing the wafer surface. 
[0009] When a CMP polisher is idle, a dummy process is usually 
performed to keep the polishing pad under a stable con- 
dition. The dummy process is identical to a CMP process 
(shown in FIG. 1) except the wafer is replaced with a 
dummy wafer. Therefore, a large number of dummy 
wafers are required for maintaining a conventional CMP 
apparatus, and these dummy wafers must be coated with 
a membrane prior to its use in a dummy polishing pro- 
cess. 

[0010] Apparently, a large number of dummy wafers are re- 
quired, which would undoubtedly increase the costs of the 
already expensive CMP process. 
Summary of Invention 

[0011] In view of the above, the present invention is directed to a 
dummy process suitable for a CMP apparatus for substan- 



tially reducing production cost. 

[0012] jhe present invention is also directed a polisliing-pad 

conditioning process suitable for a CMP apparatus for re- 
ducing production cost of the CMP process. 

[0013] According to an embodiment of the present invention, a 
dummy process for a CMP process is provided. The CMP 
apparatus comprises a polishing head, a polishing pad at- 
tached to a polishing table. The polishing head includes a 
protective hood, a base, a retaining ring and a wafer sup- 
porting assembly. The base is below the protective hood, 
the retaining ring is fixed around the rim of the base, the 
wafer supporting assembly is located below and in a dis- 
tance from the base, and a wafer receiving recess is de- 
fined by an inner surface of the retaining ring and the 
wafer supporting assembly. According to an embodiment 
of the present invention, the dummy process includes 
providing a wafer, attaching the wafer to the wafer receiv- 
ing recess, and then moving up the wafer supporting as- 
sembly to make the bottom surface of the retaining ring 
more protrusive than the bottom surface of the wafer. 
Next, the polishing head is moved onto polishing pad on 
the polishing table by pressing down the base to let the 
retaining ring contact the polishing pad such that the 



wafer does not contact the polishing pad. Next, the pol- 
ishing table is rotated. 

[0014] According to an embodiment of the present invention, the 
base can be a dummy wafer or other sheet-like substrate 
for protecting a wafer supporting assembly. 

[0015] According to an embodiment of the present invention, a 
polishing-pad conditioning method for a CMP apparatus 
is provided. The polishing-pad conditioning method is 
suitable for a CMP apparatus including a conditioner, a 
polishing head, a polishing table and a polishing pad. The 
polishing pad is disposed on the polishing table, the pol- 
ishing head includes a protective hood, a base, a retaining 
ring and a wafer supporting assembly, wherein the base is 
below the protective hood, the retaining ring is fixed 
around the rim of the base, the wafer supporting assem- 
bly is located below and in a distance from the base, and a 
wafer receiving recess is defined by an inner surface of 
the retaining ring and the wafer supporting assembly. Ac- 
cording to an embodiment of the present invention, the 
polishing-pad conditioning method includes attaching the 
wafer to the wafer receiving recess, and then moving up 
the wafer supporting assembly to make the bottom sur- 
face of the retaining ring more protrusive than the bottom 



surface of the wafer. Next, the polishing head and the 
conditioner are moved onto the polishing pad on the pol- 
ishing table allowing the conditioner to contact the pol- 
ishing pad by pressing down the base of the polishing 
head such that the retaining ring contact the polishing 
pad and the wafer does not contact the polishing pad. 
Next, the polishing table is rotated to condition the con- 
tour of the polishing pad. 
[0016] In summary, according to an embodiment of the present 
invention, because the positions of the retaining ring 
fixed on the rim of the base and the wafer are controlled 
in a manner that the retaining ring contacts the polishing 
pad and the wafer does not contact the polishing pad, and 
therefore a need for a large number of dummy wafers 
during the dummy process or the process of polishing- 
pad conditioning process can be effectively avoided. 
Therefore, the production cost can be significantly re- 
duced. 

[0017] It Is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 
the invention as claimed. 
Brief Description of Drawings 



[0018] FIG. 1 is a sectional view showing functional relationship 
of a polishing head and a wafer during a conventional 
CMP process. 

[0019] FICs. 2A and 2B are sectional views showing functional re- 
lationship of a polishing head and a wafer during a 
dummy process according to a first embodiment of the 
present invention. 

[0020] FIG. 3 is a sectional view showing functional relationship 
of a polishing head and a wafer during a conditioning 
process according to a second embodiment of the present 
invention. 

[0021] FIG. 4 is a graph showing curves of batch number versus 
polishing amount of a process of fabricating a shallow- 
trench isolation after a dummy process in conjunction 
with a regular CMP process according to an embodiment 
of the present invention. 
Detailed Description 

[0022] The following description to the preferred embodiments 
of the present invention, as illustrated in the accompanied 
drawings, are set forth, for the purpose of explanation 
and not limitation, to provide a thorough understanding 
of the present invention. 

[0023] Reference will now be made in detail to the embodiments 



of the invention, examples of wliicli are illustrated in the 
accompanying drawings. Wherever possible, the same ref- 
erence numbers are used in the drawings and the descrip- 
tion to refer the same or like parts. 

[0024] The dummy process according to an embodiment of the 
present invention is suitable for a chemical mechanical 
polishing (CMP) apparatus. . 

[0025] The first embodiment of the present invention is de- 
scribed with reference to FIGs. 2A and 2B. FIGs. 2A and 2B 
show functional relationship of a polishing head and a 
wafer during a dummy process. Referring to FIG. 2A, a 
CMP apparatus including a polishing head 200, a polish- 
ing table 220 and a polishing pad 222 is provided. The 
polishing pad 222 is disposed on the polishing table 220. 
The polishing head 200 includes a protective hood 202, a 
base 204, a retaining ring 206 and a wafer supporting as- 
sembly 208. The base 204 is below the protective hood 
202, the retaining ring 206 is fixed around the rim of the 
base 204, the wafer supporting assembly 208 is located 
below and in a distance from the base 204, and a wafer 
receiving recess 209 is defined by an inner surface of the 
retaining ring 206 and the wafer supporting assembly 
208. In addition, an external pump (not shown) can be 



connected to the polishing head 200 of the CMP appara- 
tus to remove a fluid (e.g., a gas) from the polishing head 
200. Further, it is to be noted that the drawing of CMP ap- 
paratus and parts thereof illustrated herein do not pro- 
portionally reflect a real CMP apparatus, and some de- 
tailed structures known to one of ordinary skill in the art 
have been omitted, such as, some channels for drawing or 
injecting fluids are usually disposed in the protective 
hood, the base 204, the retaining ring 206 and the wafer 
supporting assembly 208. 
[0026] Referring again to FIG. 2A, the protective hood 202 in the 
polishing head 200 is usually in a circular shape, and the 
base 204 is a circular body below the protective hood 
202, wherein the base 202 is made of rigid materials, 
such as alloy of aluminum, stainless steel, or tempered 
fabric plastics. There are channels (not shown) passing 
through the base 204 for attaching the wafer onto the 
wafer supporting assembly 208 under the base 204 are 
connected to a vacuum system to hold the wafer under 
suction. In addition, the wafer supporting assembly 208 
includes, for example, a supporting board 210 and a flex- 
ible membrane 212 connected with the supporting board 
210, while the membrane 212 is, for example, a high 



strength silicon membrane. Tlie supporting board 210 
comprises, for example, a plurality of holes (not shown) 
perpendicularly extending through the supporting board 
210 is attached on one surface of the flexible membrane 
212, and the flexible membrane 212 is connected to the 
retaining ring. The other surface of the flexible membrane 
212 provides an attaching surface 214 for the wafer. 
[0027] Referring to FIG. 2A, the retaining ring 206 of the polish- 
ing head 200 is a circular body having a flat bottom. When 
the base 204 is pushed down, the retaining ring 206 will 
be also pushed down to apply a load onto the surface of 
the polishing pad 222. Moreover, the retaining ring 206 
can be made of a material such as hard plastics or porce- 
lain. 

[0028] Before carrying out a dummy process, referring to FIG. 2B, 
a wafer 20 is, for example, a dummy wafer or other 
sheet-like substrate suitable for protecting a wafer sup- 
porting assembly 208 is provided. Next, the wafer 20 is 
attached onto the attaching surface 214 in wafer receiving 
recess 209 as shown in FIG. 2A. Next, the supporting 
board 210 is pressed down such that the flexible mem- 
brane 210 faces the wafer 100 and a fluid-tight effect is 
created between the flexible membrane and the wafer. 



[0029] Referring to FIG. 2B, the wafer supporting assembly 208 is 
moved up such that, for example, the hollow chamber 
216 between the base 204 and the wafer supporting as- 
sembly 208 is under a negative pressure so that, the flex- 
ible membrane 212 is pushed up to keep the bottom sur- 
face of the maintaining ring 206 more protrusive than the 
bottom surface of the wafer 20. For example, the method 
to create a negative pressure within the hollow chamber 
216 between the base 204 and the wafer supporting as- 
sembly 208 can be accomplished by using an external 
vacuum pump (not shown) attached to the polishing head 
200, wherein pump is used to suck out the air from the 
hollow chamber 216 and thereby causing an upward force 
228. 

[0030] Again referring to FIG. 2B, the polishing head 200 is de- 
scended onto the polishing table 220 such that the base 
204 is pressed downward by a force, for example, a 
downward force 230, to make the retaining ring fixed 
around the rim of the base 204 to contact the surface of 
the polishing pad 222 and the wafer 20 does not contact 
the surface of the polishing pad 222. Thereafter the pol- 
ishing table 220 is rotated. Before the polishing table 220 
is rotated, slurry containing abrasive particles can be sup- 



plied on the polishing pad 222. 

[0031] In the present embodiment, since the positions of the re- 
taining ring fixed on the rim of the base and the wafer are 
controlled in a manner that the retaining ring contacts the 
surface of the polishing pad and the wafer does not con- 
tact the surface of the polishing pad, and therefore the 
wafer can be used for a large number of dummy pro- 
cesses. In other words, the need of a large number of 
dummy wafers can be effectively avoided. Therefore, the 
overall production costs can be significantly reduced. 

[0032] According to another embodiment of the present inven- 
tion, a polishing-pad conditioning method suitable for a 
CMP apparatus is provided. FIG. 3 shows afunctional rela- 
tionship of a polishing head and a wafer during a condi- 
tioning process of a CMP process according to a second 
embodiment of the present invention. 

[0033] Referring to FIG. 3, the CMP polishing apparatus used in 
this embodiment is the same as that shown is FIG. 2A ex- 
cept for an additional use of a conditioner 300. Usually, 
when the CMP process is carried out for a certain period 
of time, a conditioning step will be performed for condi- 
tioning the polishing pad 222. Before performing the con- 
ditioning steps, a wafer 20 is attached to the attaching 



surface 212 in the wafer receiving recess 209. Tlien, tlie 
wafer supporting assembly 208 is moved up to mal<e tlie 
bottom surface of tlie retaining ring 206 more protrusive 
tlian tlie bottom surface of tlie wafer 20. Tlie polisliing 
head 200 and the conditioner 300 are then moved onto 
the polishing table 220 such that the conditioner 300 is 
made to contact the surface of the polishing pad 222. 
Next, the base 204 of the polishing head 200 is pressed 
down such that the retaining ring 206 contacts the surface 
of the polishing pad 222 and the wafer 20 does not con- 
tact the surface of the polishing pad 222. Thereafter, the 
polishing table 220 is rotated for conditioning the contour 
of the polishing pad 222. 

[0034] In the present embodiment, since the positions of the re- 
taining ring fixed on the rim of the base and the wafer are 
controlled in a manner that the retaining ring contacts the 
polishing pad and the wafer does not contact the surface 
of the polishing pad, the wafer can be used for a large 
number of polishing-pad conditioning processes. In other 
words, a need for a large number of dummy wafers can be 
effectively avoided. Therefore, the overall production 
costs can be significantly reduced. 

[0035] Jo show the effectiveness of the present invention, an ex- 



periment was carried out to study the effect of the dummy 
process of the present invention and the conventional 
dummy process and these effects were compared. In the 
above study, the CMP apparatus is configured in a manner 
described above to carry out the dummy process of the 
present invention and after the dummy process, the CMP 
apparatus is then used for fabricating a shallow trench 
isolation structure for a number of batches, and the CMP 
apparatus is configured in a manner to carry out the con- 
ventional dummy process and after the conventional 
dummy process, the CMP apparatus is then used for fabri- 
cating a shallow trench isolation structure for a number of 
batches. FIG. 4 illustrates a curve showing number of 
batches versus the amount of polishing slurry required for 
fabricating the shallow-trench isolation structure after the 
dummy process according to the present invention and 
the conventional dummy process were performed. Refer- 
ring to FIG. 4, the amount of polishing slurry used for 
fabricating the shallow trench isolation structure is plotted 
along the y-axis, and the batch numbers, Al~An indicat- 
ing batch numbers after the dummy process of this inven- 
tion and Bl~Bn indicating batch numbers after the con- 
ventional dummy are plotted along the x-axis. In the CMP 



process operating parameters, for example, the pressure 
of the retaining ring was set between 0.5~15 psi, the flow 
rate of the polishing slurry was set between 50~500 mL/ 
min, and the rotation rate of the polishing pad was be- 
tween 10-200 rpm. Accordingly, it could be inferred from 
FIG. 4 that, the amount of slurry required by the number 
An number of batches is almost same compared to the 
amount of slurry required by the Bn number of batches. 
Thus, the dummy process of the present invention can be 
practically applied. 
[0036] In summary, since the positions of the retaining ring fixed 
on the rim of the base and the wafer are controlled in a 
manner that the retaining ring contacts the polishing pad 
and the wafer does not contact the surface of the polish- 
ing pad, and therefore a single wafer can be used for a 
large number of dummy or polishing-pad conditioning 
processes. In other words, of the need of a large number 
of dummy wafers for the dummy or the polishing-pad 
conditioning processes can be effectively avoided. There- 
fore, the overall production costs can be significantly re- 
duced. 

[0037] It will be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 



of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention covers modifications 
and variations of this invention provided they fall within 
the scope of the following claims and their equivalents. 



